Abstract-The seaweed biofilter Ulva reticulata was grown at two stocking densities (1 and 3 kg m -2 ) in a low cost integrated system in Zanzibar, Tanzania. The seaweed was stocked in 2 m 2 cages made of 1 inch netting material placed at the outflow of fish ponds. Control seaweed was grown at the fish pond inflow channel. At a stocking density of 3 kg m -2 , the weight of the seaweed increased by 700 g (fw) during the first week and then an increase of less than 200 g in the fifth week. Total weight increased from 4,500g at stocking to 6,630g during the fifth week. Growth rate was 1.3 % d -1 . The seaweed also removed 0.4 g N m -2 d -1 of nitrogen from nutrient-rich fishpond effluent water. At the lower stocking density, of 1 kg m -2 , biomass increased by 500 g during the first week increasing to 700 g during the fifth week. Total weight increased from 6,000 g at stocking to 30,000 g during the fifth week. Growth rate averaged 3.9% per day. The seaweed also removed TAN of 6 g N m -2 d -1 . The growth rate, biomass yield and nutrient uptake were significantly (ANOVA, P<0.01) higher than those of the controls. The seaweed significantly raised pH and oxygen levels of the fish pond effluent water at both stocking densities. Therefore, both stocking densities lead to efficient performance of the seaweed biofilter Ulva reticulata, but 1 kg m -2 is better than 3 kg m -2 in this system. Higher densities are, however, known to be good in other integrated systems, calling for more work on this integrated system.
INTRODUCTION
Stocking density is one of the major factors that determine the growth and performance of seaweed biofilters. Some studies have reported on varying stocking densities in intensive and semi-intensive aerated systems, depending on the aim of the study. Vandermeulen and Gordin (1990) found that growth rate of Ulva lactuca was reduced only at a stocking density as high as 4 kg m -2 . The authors also obtained three times more nitrogen content (measured as protein content) in plants stocked at 4 kg m -2 compared to those stocked at 0.5 kg m -2
and Lapointe and Tenore (1981) and DeBusk et al. (1986) obtained similar results. Neori et al. (1991) reported that stocking density of Ulva lactuca could be increased to between 4 -6 kg m -2 under sufficient nutrient concentrations to increase nitrogen content, although the biomass yield would be reduced. Lapointe and Tenore (1981) found that the specific growth rate of Ulva fasciata decreased by 94% as its density increased 18 times. Nagler et al. (2003) observed that the optimal stocking density of Gracilaria parvispora was 2 kg m -2 , based on growth rates, and that the growth rate decreased only at 4 kg m -2 density, but biomass yield increased up to the highest density of 8 kg m -2 . These studies depict some of the work done on stocking density of seaweeds, conducted using aerated systems in mostly intensive culture systems. Whereas aeration is not practical in areas where electricity is lacking, like most African countries, studies on stocking density in non -aerated systems are scarce. In Africa, mariculture is only at its initial stages of becoming commercial with limited initiatives in isolated areas of the continent. Farming of seaweed in integrated systems is therefore still at experimental stages. Integrating seaweed with the emerging mariculture development is of high potential in providing two products in the same system and also minimising the effect of mariculture to the environment. The seaweed Ulva reticulata has been used as an ingredient in fish feed to culture rabbitfish and milkfish in a fish-seaweed integrated system in Makoba, Zanzibar, Tanzania. The seaweed is a product of the integrated system and it is thus re-circulated within the integrated system as a fish feed ingredient. Culturing the seaweed using fishpond outflow water increases the protein content of the seaweed making it an ingredient of higher quality while cleaning (filtering) the nutrient-rich fishpond outflow (effluent) water. Although Eucheuma denticulatum and Kappaphycus alvarezii are commercially farmed in the country, trials using these seaweeds as biofilters were not successful as the seaweeds could not grow in the nutrient-rich outflow waters of the Makoba fish ponds (see Msuya and Neori 2002 ). The authors also tested Gracilaria crassa and found it to be a good biofilter in terms of growth and biofiltration ability. The current study examined the growth of the seaweed Ulva reticulata at two stocking densities (1 and 3 kg m -2 ) in a non-aerated system in Zanzibar, Tanzania.
MATERIALS AND METHODS
The seaweed Ulva reticulata was collected from wild stocks at Chwaka Bay on the East Coast of Zanzibar at low tide. The seaweed was then transported to the study site, Makoba Bay, on the North West Coast of Zanzibar. Cages that were 2 m 2 were constructed using netting material of 1 inch mesh size. The cages (1 x 2 m) were constructed by stretching 1 x 2 m pieces of the netting material while attaching the sides with wooden pegs. The seaweed was cultivated in these cages in a threestage setting where the cages were placed in series, with three cages for each setting (see Fig. 1 ). Two such settings were placed at the fishpond outflow channels as treatments and two were placed at the fishpond inflow channel as controls. The channels were 20 cm deep and 1 m wide.
Two stocking densities were tested, 1 and 3 kg wet weight m -2 . Such stocking densities have been used by other researchers, either at Makoba (Msuya and Neori 2002) , or in standard aerated systems (see Vandermeulen and Gordin 1990) . At a stocking density of 1 kg m -2 , 2 kg of the seaweed were placed in the cages and in the 3 kg m -2 , 6 kg were placed in the cages. Water from two semiintensive fishpond series was passed through the seaweed in the treatment whereas control seaweed received seawater with no additional nutrients from a reservoir pond. Water flowed through the seaweed by gravity at a flow rate of 3.4 m 3 h -1 (resulting in 2,000 exchanges per day). The seaweed cages were cleaned twice a week by shaking the cages and mixing the seaweed manually to remove sediment and debris that settles on the seaweed. This study was done from October to December, 2004.
Sampling and laboratory analyses

Seaweed growth rate and biomass yield
The seaweed was harvested once a week and placed in separate containers and then squeezed and shaken to remove excess water. To obtain fresh drained weight, the seaweed from each setting was weighed on a mechanical scale. Specified amounts for the two stocking densities (2 kg and 6 kg for the two densities respectively) were returned to the cages for continuation of the study. Specific growth rate (SGR, %), was calculated as: SGR = 100 X [ln (w t /w 0 )]/t according to Nelson et al. (2001) , where w o is the initial biomass and w t is the biomass at t culture days.
Water quality
Water samples in triplicate were collected at the inflows and outflows of the seaweed cages once a week. The water was then kept in an icebox filled with ice cubes and transported to the laboratory.
In the laboratory, the samples were filtered through GF/C Whatman filter papers (0.45 µm). Total ammonia nitrogen (TAN-NH 3 + NH 4 ) was determined through colorimetry by formation of indofenol blue (see Parsons et al. 1984) . Nutrient uptake was calculated from the difference in nutrient concentrations between the inflow and the outflow according to Cohen and Neori (1991) , water column TAN concentrations showed high variability probably because of organic matter breakdown processes in the sediment. Therefore, nutrient uptake rates were calculated by using biomass yield and protein content. Usually, nutrient uptake rates calculated from biomass yield and protein content are similar to those from the water column analyses although a slight difference might result from the less reproducible nature of Kjeldahl protein analyses compared to the spectrophotometer nutrient analyses (Neori et al. 2003) .
Oxygen concentration (mg l -1 ) and temperature ( 0 C) of the water were measured on each sampling day using an oxygen meter (OxyGuard Handy Mk III, Denmark) and pH by using a pH meter (HANNA Instruments, Canada, Model no. HI 8424). Salinity was measured by using a refractometer (Sper Scientific Ltd. USA, Model no. 300011). Water velocity was measured by using pieces of leaves and a stopwatch to measure the time taken to cover a defined distance and dividing the distance by the time elapsed.
RESULTS AND DISCUSSION
Seaweed growth
Total ammonia nitrogen (TAN) concentration ranged from 7 to 9 µM in the fishpond outflow channels and 4 µM in the fishpond inflow (control) channel. Cultivating seaweeds in facilities such as cages generally slows down water movement leading to deposition of solid particles at the bottom of the cages. However, no noticeable accumulation was observed in the current study probably due to the slope and shallowness of the channels.
At the 3 kg m -2 stocking density, contamination from the seaweed Chaetomorpha crassa was observed. This probably resulted from very small pieces of the seaweed remaining after cleaning the U. reticulata or from still-attached fouling. The difference between initial stocked weight and final weight (cumulative weight change) of the treatment (fishpond outflow) increased by 700 g week -1 during the first week, decreasing to 500 g week -1 during the third week and then to less than 200 g week -1 in the fifth week. Total biomass increased from 4,500 g at stocking to 6,630 g during the fifth week (Fig. 2) . The average growth rate was 1.3 % d -1 (Table 1 ). In the control (fishpond inflow) the weight change was on average about 300 g week -1 during the first week and decreased to nil during the fifth week. Total biomass increased from 4.500 g at stocking to 5,000 g in the fourth week and then decreased to 4900 g during the fifth week (Fig. 2) . The seaweed grew at an average rate of 0.5 % d -1 (Table 1) , significantly lower (ANOVA, P<0.01) than that of seaweeds grown in the treatment using inflow water.
At the stocking density of 1 kg m -2 , no contamination was observed, and the weight of the seaweed increased in average by 500 g week -1
during the first week and by 700 g week -1 during the fifth week of the treatment. Total biomass (cumulative weight) increased from an average of 6,000 g at initial stocking to almost 30,000 g during the fifth week (Fig. 3) . Average growth rate was 3.9 % d -1 (Table 1 ). In the control, weight increase per week was 71 g week -1 during the first week increasing to only 87 g week -1 during the fifth week. The total harvest increased from 6,000 at stocking to about 10,000 g during the fifth week (Fig. 3) . The average growth rate was significantly (P<0.001) lower than that of seaweeds grown at the treatment (2.4 % d -1 , Table 1 ). relationship between growth rate/biomass yield and both nutrients and temperature, showing these factors were involved in the performance of the biofilter. The correlation was, however, not strong (r≤0.307), suggesting that other factors, including irradiance and water motion, contributed to the growth of the biofilter.
The results of higher growth rate of seaweeds grown in the outflow (effluent) treatment, compared to those grown in the control show the advantage of culturing seaweeds at the outflows of fishponds. Fishpond outflow water with higher nutrient levels increased the growth rate of the seaweed through the provision of higher nitrogen levels. Ulva reticulata, like other species of the genus, is able to use nitrogen when available and quickly convert it into growth (Ramus and Venable 1987) . The ability of the seaweed to utilise the nitrogen from the fishponds was evident at both stocking An analysis of the growth in the three individual cages in the three-stage setting showed no significant difference (P>0.05) in growth rate between cages one, two and three. This result was found in both high and low stocking densities and in the control. Correlation analysis showed a positive densities, as shown by higher growth rates of the seaweed at the treatments than the controls. A number of other studies have reported on higher growth rates of seaweeds cultured using fishpond and fish tank outflow waters, including Subandar et al. (1993) , Buschmann et al. (1994) and Neori et al. (1996) . The growth rate obtained at the 1 kg m -2 stocking density was higher than that at the 3 kg m -2 indicating that for growth rate, even in this low-energy integrated system, the 1 kg m -2 stocking density is better than 3 kg m -2 . Vandermeulen and Gordin (1990) reported on culturing Ulva lactuca at different stocking densities under an aerated system, and showed that the stocking densities of 1 to 1.5 give higher growth rates. However, the authors also reported that higher stocking densities of up to 4 kg m -2 did not reduce the growth rate of Ulva lactuca under the standard aerated systems. Neori et al. (1991) reported that stocking density of Ulva lactuca could be increased to between 4 and 6 kg m -2 under sufficient nutrient concentrations, to increase N content in the plants, but the biomass yield may be reduced. Bidwell et al. (1985) described plant densities of 5 to 6 kg m -2 as moderate densities, and explained that in such densities the plants absorb essentially all of the incident radiation. The lack of correlation between biomass/growth rate and nutrients/environmental parameters was also found in other studies, such as Glenn and Doty (1990) and Glenn et al. (1999) . The lack of significant differences in growth rates between the cages in the three-stage setting may indicate similar nutrient concentrations and other growth parameters in the respective cages. Although TAN concentrations measured here were lower than those used in other studies, growth rates were comparable (e.g. 100 μM used in Israel by Neori et al. 2003) . Stocking densities of seaweeds best suited for integrated mariculture systems may vary depending on the type of culture system and environmental factors.
The epiphytic Chaetomorpha crassa on Ulva reticulata at the 3 kg m -2 stocking density may have reduced the growth rate through direct competition and reduction in water velocity (as suggested by Friedlander 1992) . Epiphytic red, green, and brown seaweeds are known to cause severe damage to seaweeds (Gonzalez et al. 1993) . The lack of epiphytes at the 1 kg m -2 stocking density may reflect the general idea that changing culture conditions, in this case the stocking density, may reduce the problem of epiphytes; probably the lower stocking density was more favourable to the cultured seaweed than the epiphytes as was explained by Neish et al. (1977) and Bidwell et al. (1985) . More work is, however, needed in this kind of integrated system to confirm the obtained results.
Water quality
Salinity
The salinity of the water varied from a minimum of 25 ppt to a maximum of 44 ppt. The lowest salinities were recorded during rainy seasons and the highest during neap tides during which no refilling of the reservoir was achieved hence the water was not changed in the fishponds. However, the salinity was favourable for Ulva as the seaweed is known to tolerate much higher salinity ranges (Msuya and Neori 2002) . Ulva lactuca, for example, is cultured in Israel under constant salinities of 40 ppt.
Temperature
The temperature of the water ranged from 25 -30 0 C at both the treatment (inflow to the seaweed cages and outflow from the seaweed cages) and control (inflow to the fishpond) of the two stocking densities. There were no significant differences between the two stocking densities and the threestage cage settings (P>0.05). The daily temperature range did not exceed 3 0 C at any day showing stable temperatures, a condition recommended for mariculture in several other studies, including that of Vandermeulen and Gordin (1990) .
pH
The pH ranged from 7.1 -8.1 at the outflow of the fishponds and 8.1 -8.9 at the outflow of the last seaweed cage for both stocking densities and all three cages. This gives a significant (P<0.05) increase in pH of about one pH unit between the fishponds and the outflow of seaweed biofilter, showing the ability of the seaweed to raise the pH through photosynthesis. Other studies have shown the ability of the seaweed biofilter in raising the pH of the water including Neori et al. (1996) . The pH range obtained here is within acceptable range for fish and seaweed farming in integrated systems (6 -9) as described by Krom et al. (1985) and Wajisbrot et al. (1991) .
Dissolved oxygen concentration
Dissolved oxygen (DO) concentration of the water was significantly (P<0.001) increased by more than two fold from an average of 5.4±1 mg l -1 at the fishpond outflows to 13±2 mg l -1 at the outflow of the last seaweed cage for both stocking densities. Minimum DO concentrations measured were 3.1 and 9.0 mg l -1 for fishpond and seaweed outflows whereas the maximum concentrations were 7.8 and 17.4 mg l -1 respectively. The minimum DO value of 3.1 mg l -1 was obtained following heavy rainfall on one particular day. DO concentrations of the effluent water after passing through the seaweed biofilters were significantly raised, showing one of the qualities of the seaweed biofilters of raising the low oxygen levels of fishpond effluent water. The DO values are above safe ranges of fish growth (5 -9, Wajisbrot et al. 1991 , Qian et al. 1996 if water is to be re-circulated. The minimum acceptable oxygen concentrations for aquatic life is 3 mg/l (Mmochi et al., 2003) . However, the outflow water of the system at Makoba, i.e. after the last seaweed cage, passes through unused ponds and that act as settling ponds/devices. It is, therefore, recommended to have settling ponds at the outflow of the system in case the outflow water is supersaturated and needs to be re-circulated to fishponds (see fig. 1 ).
Nutrient uptake
As mentioned above, for the stocking density of 3 kg m -2 , nutrient uptake rates were calculated by using biomass yield and protein content. The higher stocking density may have caused the cages holding the seaweed to touch the sediment surface and re-suspend sediments that in turn may have mixed with the water column thus affecting nutrient levels. The uptake per unit area (areal uptake rate) was 0.4 g N m -2 d -1 in the outflow cages significantly higher (P<0.05) than a rate of 0.1 g N m -2 d -1 in the control cages (Table 1) . At the stocking density of 1 kg m -2 , TAN concentration from the fishpond effluents was reduced significantly after passing through the seaweed biofilter from an average of 9 to 4 µM. The areal uptake rate calculated from water column TAN was significantly higher (P<0.001) at the treatment (6 g N m -2 d -1 ), than at the control (1.9 g N m -2 d -1 , Table 1 ). The removal rates obtained here are similar to those of Neori et al. (2003) who obtained TAN areal removal rates of 0.5 -0.9 g N m -2 d -1 in Ulva lactuca. The results are also similar to those of Cohen and Neori (1991) and Shpigel et al. (1993) who obtained TAN removal rates of up to 5.6 g m -2 d -1 using the same seaweed. All these authors used higher nutrient concentrations with aeration. Aeration, usually applied at the bottom of culture facilities, creates water bubbles that agitate the seaweed by moving it vertically thus optimising light exposure, removing excess oxygen, and increasing nutrient diffusion. This makes the experimental conditions in these studies much more controlled and optimal for the performance of the seaweed biofilter. The authors also used a stocking density of 1 kg m -2
. The results of the current study show that even under this low-energy system, the nutrient concentration from fishpond effluent water was reduced by 55% after passing through the seaweed biofilter. For this system, where low mixing of the water may affect nutrient uptake by the seaweed biofilter, the removal rates obtained in both stocking densities are significant. In addition, the removal rates obtained here that were similar to aerated systems were obtained at much reduced costs of construction and water supply.
CONCLUSION
Stocking densities of 1 and 3 kg m -2 are both good densities in a low tech-integrated gravity generated water flow system as they result in significant growth and nutrient removal rates. A stocking density of 1 kg m -2 is better than a 3 kg m -2 density in this system for high growth rate and nutrient uptake by Ulva reticulata. However, higher densities have been used in other systems to show high performance and thus more work is needed to ascertain the current short-term experiments.
